In chronically hypoxic rats, lung tissue expression of mRNA and protein for nitric oxide synthase (NOS) significantly increase as early as 24 h after hypoxic exposure [1] . Immunohistochemistry has shown progressive increases in endothelial NOS (eNOS) expression in pulmonary vessels of internal diameter (ID) Ͻ150 m and in inducible NOS (iNOS) in the vascular smooth muscle of all pulmonary vessels during 1-to 7-d hypoxic exposure [1] . However, the functional significance of the structural up-regulation of NOS during these early phases of chronic hypoxia (CH) has not yet been clarified in the resistance and conduit pulmonary arteries of the rat.
In chronically hypoxic rats, lung tissue expression of mRNA and protein for nitric oxide synthase (NOS) significantly increase as early as 24 h after hypoxic exposure [1] . Immunohistochemistry has shown progressive increases in endothelial NOS (eNOS) expression in pulmonary vessels of internal diameter (ID) Ͻ150 m and in inducible NOS (iNOS) in the vascular smooth muscle of all pulmonary vessels during 1-to 7-d hypoxic exposure [1] . However, the functional significance of the structural up-regulation of NOS during these early phases of chronic hypoxia (CH) has not yet been clarified in the resistance and conduit pulmonary arteries of the rat.
The question about how the endogenous nitric oxide (NO)-mediated regulation of basal pulmonary vascular resistance changes in response to CH has been investigated extensively by measuring the pressure-flow relation in 3-to 4-wk hypoxic rat lungs, and many studies have shown a significant enhancement [2] [3] [4] [5] . However, this question has not been studied sufficiently during earlier CH phases. A small [6] or insignificant [7] increase in the NO-mediated basal vascular resistance regulation has been suggested in 1-wk hypoxic rats. Moreover, exactly which pulmonary vascular segments contribute to this regulation remains to be examined.
To resolve these issues, we directly measured ID changes in the resistance (100-300 m ID) and smallconduit (500-700 m) pulmonary arteries [8, 9] during NOS inhibition by using an X-ray TV system [10] on anesthetized rats; we then examined the effect of 1-and 2-wk hypoxia on ID changes.
Male Sprague-Dawley rats aged 6 wk at the start of the experiment were used. A total of 28 rats were placed in either a normobaric environmental chamber maintained at 10% O 2 (hypoxic group) or a chamber open to room air (control group) for 1 and 2 wk; 7 hypoxic and 7 control rats were studied each week. The environment within the chamber was monitored with a mass spectrometer. Rats were anesthetized with pentobarbital sodium (50 mg/kg I.P.), and supplemental doses (10 to 20 mg/kg/h I.V.) were administered to maintain the appropriate level of anesthesia. Each rat was intubated with an endotracheal tube and artificially ventilated with room air. A catheter of silastic tubing (ϳ600 m outside diameter) was introduced from the right jugular vein into the left main pulmonary artery. The details of the experimental proce-dure, angiography, and the data recording and analysis have been described previously [10] . In both hypoxic and control groups, the baseline angiogram was recorded first, and a nonselective NOS inhibitor, either N -nitro-L-arginine methyl ester (L-NAME, 30-50 mg/kg) or N -monomethyl-L-arginine (L-NMMA, 40-60 mg/kg), was injected intravenously. Preliminary dose-response studies showed that these doses of the NOS inhibitors were enough to cause maximal ID change. The angiogram following the NOS inhibitor injection was taken ϳ20 min after the injection ended. The third angiogram was then obtained after an injection of L-arginine (100-200 mg/kg I.V.). There was an interval of ϳ10 min between angiographies to eliminate any influence of the contrast medium. Statistical comparisons were made with Student's paired and unpaired t-tests and with analyses of variance and Scheffe's test. All results are expressed as meansϮSE, and pϽ0.05 was considered significant.
The baseline mean pulmonary arterial pressures of the control, 1-wk hypoxic, and 2-wk hypoxic rats under normoxic ventilation were 17.8Ϯ0.4, 19.7Ϯ0.6, and 22.0Ϯ0.6 mmHg, respectively, and after NOS inhibition, these pressures increased by 1.7Ϯ0.2, 1.9Ϯ0.2, and 2.7Ϯ0.3 mmHg, respectively. The pressure increase in the 2-wk hypoxic rats was much larger (pϽ0.05) than for the control and 1-wk hypoxic rats. The Pa O 2 of the control, 1-wk hypoxic, and 2-wk hypoxic rats under normoxic ventilation was 97Ϯ3, 96Ϯ4, and 93Ϯ4 Torr, respectively, and these did not significantly change in response to NOS inhibition.
The baseline IDs of the primary arterial branches (small conduit arteries) [9] under normoxic ventilation were 601Ϯ19, 605Ϯ22, and 611Ϯ20 m in the control, 1-wk hypoxic, and 2-wk hypoxic rats, respectively, and for peripheral branches (resistance arteries) [9] , they were 209Ϯ9, 212Ϯ11, and 217Ϯ10 m. No significant difference was present among the baseline values in these vessels. In the control rats, the NOS inhibitor induced significant ID reductions in the resistance and the conduit arteries (Fig. 1) . The ID reduction was significantly larger (pϽ0.01) in the conduit arteries than in the resistance arteries. Hypoxic exposure for 1 wk had no significant effect on these NOS inhibitor-induced ID reductions in the arteries. However, after 2 wk of hypoxic exposure, a significant enhancement of the ID reduction was induced locally in the resistance arteries, although the ID reduction in conduit arteries tended to be augmented (Fig. 1) . LArginine completely abolished the NOS inhibitor-induced ID reduction in the control and the hypoxic rats, suggesting that the suppression of NO release derived from L-arginine is primarily responsible for the ID reduction.
Pulmonary arterial pressure increased by 1.7-2.7 mmHg in response to the nonselective NOS inhibitor in the present study. Cardiac output has been shown to decrease by 15-40% after nonselective NOS inhibitor injections in normoxic and chronically hypoxic rats [6, 11, 12] . It is therefore possible that the pressureand flow-sensing mechanisms [13] influenced the ID response pattern during NOS inhibition. To examine this possibility, further preliminary experiments were carried out. We measured the ID changes of 100-700 m pulmonary arteries in the left lung in response to mechanically induced pulmonary arterial pressure increases of 2 to 3 mmHg or pulmonary blood flow decreases of 20-40%. The right main pulmonary artery was partially occluded by ligation to increase pulmonary arterial pressure of the left lung. The same procedure was employed for the vena cava inferior to decrease pulmonary blood flow. Neither of these procedures, however, induced a significant ID change, suggesting that the possibility is small. The nonselective NOS inhibitor has been shown to cause neuronal NOS inhibition in the brain stem and thus increase sympathetic nerve activity [14] . Therefore there is another possibility that activating pulmonary sympathetic nerve activity or an increase in plasma catecholamine concentration, or both, contributed to the NOS inhibitor-induced ID reduction. However, it has been shown that an autonomic blockade has no effect on the increase in systemic arterial pressure or on decreases in cardiac output and tissue flows caused by NOS inhibitor injection in rats [11] . Moreover, we found that a selective neuronal NOS inhibitor, 7- indazole, had no significant effect on the pulmonary artery ID in both normoxic and chronically hypoxic rats (unpublished data). The data suggest that this possibility is also small.
The recent Northern and Western analyses have shown a ϳ150% increase in eNOS mRNA and protein in the rat lung tissue at 1 wk of exposure to hypoxia (10% O 2 ) [1] . Moreover, eNOS and iNOS immunoreactivity in the pulmonary vessels was progressively increased over 1 to 7 d of hypoxia [1] . The present study focused on the issues concerning when and in which pulmonary vascular segment the progressively increased NOS expression during early CH phases enhances the NO-mediated regulation of basal pulmonary vascular tone in the in vivo rat lung. The results suggest that a continuous release of NO regulates the basal vascular tone of both the resistance (100-300 m) and the small conduit (500-700 m) pulmonary arteries under normoxic conditions and that the basal release of NO dominantly dilates the conduit arteries compared with the resistance arteries. This agrees well with our previous data in the cat [15] . The NO-mediated regulation was not enhanced at 1 wk of hypoxia (10% O 2 exposure), although it was at 2 wk of hypoxia. This is inconsistent with the above-mentioned up-regulation of NOS and indicates that an increased vascular NOS expression does not correlate with the enhancement of NO-mediated basal vascular tone regulation at 1 wk of hypoxia. One possible reason for this discrepancy is that an increase in NO production in resistance arteries was not significant enough to change their vascular tone despite the structural up-regulation of NOS at 1 wk of hypoxia. Previous findings that perfusate NO-containing compound (NO x ) concentration significantly increased in lungs isolated from 2-wk, but only slightly from 1-wk, hypoxic rats [16] may support this possibility, although the NO x concentration reflects the sum of NO release in all pulmonary vascular segments. It has been shown that 1-wk hypoxic exposure attenuates the ability of sodium nitroprusside to elevate cyclic GMP levels in the rat pulmonary arteries [17] , suggesting decreased guanylyl cyclase activity at 1 wk of hypoxia. This may also partly explain the discrepancy.
In the rat resistance pulmonary arteries, especially vessels Ͻ150 m ID, both eNOS and iNOS immunoreactivity increased in response to hypoxia for 2-4 wk, and in the conduit arteries iNOS predominantly increased [1, 18] . In the present study, however, a significant increase in the nonselective NOS inhibitor-induced vasoconstriction at 2 wk of hypoxia was observed locally in the resistance arteries, although there was an increasing tendency of the vasoconstriction in the conduit arteries. It is therefore possible that the contribution of hypoxia-induced iNOS increases in the conduit arteries to the NO-mediated regulation of basal vascular tone is small, if any exists. It is of interest to note that 2-wk hypoxia increased cyclic GMP phosphodiesterase (PDE) activity in the rat conduit pulmonary arteries, but not in the resistance arteries [19] . Therefore in the conduit arteries, an increased production of NO from iNOS may not rise cyclic GMP level because of the hypoxic increase in cGMP PDE, which catalyze cGMP hydrolysis. Our present data of the locally enhanced vasodilator effect of NO in the resistance arteries suggest that this enhancement serves to attenuate hypoxic pulmonary vasoconstriction which occurs chiefly in these arteries [10, 20] and thus inhibit the pulmonary hypertension progress.
